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HOHFWURFKHPLFDO R[LGDWLRQ RI DOXPLQXP$ VWXG\ RQ RSWLFDO UHIOHFWLYH LQWHUIHURPHWULF SURSHUWLHV RI1$$ZDV FRQGXFWHG 7KH
LQIOXHQFHRISRUHSURSHUWLHVLQFOXGLQJSRUHGLDPHWHUVLQWHUSRUHGLVWDQFHDQGSRUHOHQJWKVRQWKHUHIOHFWLRQVSHFWUDZDVH[SORUHG
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1DQRSRURXV DQRGLF DOXPLQD 1$$PHPEUDQHKDV HPHUJHG DV D YHUVDWLOH DQG LQH[SHQVLYH WHPSODWH LQ UHFHQW
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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SRVVHVVKRPRJHQHRXVPRUSKRORJ\RISDUDOOHOQDQRSRUHVZKLFKJURZQRUPDO WR WKHVXEVWUDWH¶VVXUIDFHDQGKDYHD
YHU\QDUURZGLVWULEXWLRQRI SRUH VL]HV DQG LQWHUSRUH VSDFLQJGLVSOD\LQJ FORVHO\SDFNHGKRQH\FRPE OLNH VWUXFWXUH
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PDWHULDOV FDQ EH JURZQ XVLQJ 1$$ WHPSODWHV E\ VHYHUDO SK\VLFDO DQG FKHPLFDO PHWKRGV VXFK DV SXOVHG ODVHU
GHSRVLWLRQ VSXWWHULQJ >*DR HW DO  6XGKHHQGUD HW DO D 6XGKHHQGUD HW DO E@ HOHFWURGHSRVLWLRQ
>%LVZDVHWDO/LXHWDO@FKHPLFDOYDSRUGHSRVLWLRQ >6NODUHWDO@ HWF1$$PHPEUDQHVDUHXVHG
DV WHPSODWHV IRU V\QWKHVLV RI QDQRPDWHULDOV VXFK DV QDQRGRWV QDQRZLUHV QDQRURGV DQG QDQRWXEHV RI GLIIHUHQW
PDWHULDOVLQFOXGLQJYDULRXVPHWDOVVHPLFRQGXFWRUVDQGFRQGXFWLQJSRO\PHUV >%HOZDONDUHWDO&KRXGKDULHW




ZLWK WKH GHSRVLWLRQ RI PHWDO QDQROD\HUV >:DQJ HW DO @ .XPHULD HW DO KDYH UHFHQWO\ UHSRUWHG DERXW WKH
VWUXFWXUDOHQJLQHHULQJRI1$$ DQGWKHLUUHDOWLPHDQGODEHOIUHHELRVHQVLQJDSSOLFDWLRQVDQGGUXJUHOHDVHPRQLWRULQJ
XVLQJWKHRSWLFDOUHIOHFWLRQVSHFWUD >.XPHULDHWDO.XPHULDHWDO@








7KH 1$$ PHPEUDQHV ZHUH SUHSDUHG E\ D WZRVWHS HOHFWURFKHPLFDO DQRGL]DWLRQ DV SHU RXU HDUOLHU UHSRUWV
>&KRXGKDULHWDOD E@,QEULHIKLJKSXULW\DOXPLQXPIRLOV0HUFNWKLFNQHVVPPZHUHFOHDQHGLQ






DQG  ZW SKRVSKRULF DFLG VROXWLRQV DW YDULRXV DQRGL]DWLRQ YROWDJHV 7KH WHPSHUDWXUH RI WKH VROXWLRQ ZDV















VXUIDFH $IWHU HOHFWURSROLVKLQJ WKH VXEVWUDWH¶V VXUIDFHV DSSHDU VPRRWK DQG PLUURUOLNH VKLQ\ >&KRXGKDUL HW DO
E@ 'XULQJ ILUVW VWDJH RI DQRGL]DWLRQ WKH SRUHV QXFOHDWH UDQGRPO\ DQG KHQFH WKH SRUHV DUH LUUHJXODU RQ WKH
VXUIDFH $IWHU UHPRYLQJ WKLV DOXPLQD XVLQJ ZHW HWFKLQJ WKH VXUIDFH LV OHIW ZLWK FRQFDYH GLPSOHV WKURXJKRXW WKH
DOXPLQXPVXEVWUDWH>&KRXGKDULHWDOD@7KLVQDQRSDWWHUQHGVXEVWUDWHLVDQRGL]HGDJDLQZLWKWKHVDPHLQLWLDO
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FRQGLWLRQV )LJ VKRZVDQ6(0DQGDQ$)0LPDJHRI1$$SUHSDUHGE\WZRVWDJHDQRGL]DWLRQLQ0R[DOLF
DFLGDW9,WFDQEHVHHQWKDWWKHSRUHVDUHZHOORUGHUHGDQGFORVHSDFNHGKH[DJRQDOO\SDWWHUQHGLQDKRQH\FRPE
OLNH VWUXFWXUH ,W LVZHOO NQRZQ WKDW WKHEHVW SHULRGLF DUUDQJHPHQW FDQEHREVHUYHG IRU DOXPLQDSUHSDUHG DW9





%\FRQWUROOLQJ WKH DQRGL]DWLRQYROWDJH IURP WR9ZH IDEULFDWHG1$$ZLWK D UDQJHRI SRUHGLDPHWHUV
IURPWRQPDQGLQWHUSRUHGLVWDQFHIURPQPWRQP )LJDDQGE VKRZVWKHOLQHDUGHSHQGHQFHRI






9$YHUDJHJURZWKUDWH IRUSRUHVZDVIRXQG WREH QPPLQDW WKLVYROWDJH$WKLJKHUDQRGL]DWLRQYROWDJHV WKH
JURZWK UDWH LQFUHDVHVDQG LQ WKRVHFDVHVDOVR WKHSRUH OHQJWKH[KLELWV OLQHDUGHSHQGHQFHRQDQRGL]DWLRQ WLPHDWD
JLYHQDSSOLHGYROWDJHYDOXH
899LVUHIOHFWLRQVSHFWUDRI1$$ZLWKGLIIHUHQWWLPHRIDQRGL]DWLRQDOOUHFRUGHGDWQHDUO\QRUPDOLQFLGHQFHDUH
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IRXQGWRGHSHQGRQWKHSRUHOHQJWKVRIWKH1$$PHPEUDQH $VWKHDQRGL]DWLRQWLPHLQFUHDVHGIURP PLQXWHVWR










RI  QP DQG WKHQ VWDUWHG GHFOLQLQJ )LJ D 7KH KHLJKW RI SHDNV FDQ EH DQ LPSRUWDQW SDUDPHWHU LQ VHQVLQJ
DSSOLFDWLRQV ZKHUH 1$$ PHPEUDQHV ZLOO EH XVHG DV D VXEVWUDWH 7KH RSWLPL]HG WKLFNQHVV RI WKH 1$$ ZLWK
DSSURSULDWHQXPEHURISHDNVDQGSHDNKHLJKWZLOOEHKHOSIXOLQGHWHFWLQJDQ\FKDQJHLQWKHUHIUDFWLYHLQGH[RIWKH
VXEVWUDWH ZLWK DQG ZLWKRXW WKH VHQVLQJ PHGLXP 7KLV FKDQJH LQ UHIUDFWLYH LQGH[ FDQ EH VHHQ DV D VKLIW LQ WKH
ZDYHOHQJWKRIRVFLOODWLRQVZKLFKLQ WXUQZLOOEHXVHIXOLQVHQVLQJRIDQ\IRUHLJQPDWWHURQWKHVXEVWUDWH





























































)LJD*UDSKVKRZLQJVKLIWRISHDNSRVLWLRQZLWKDQJOHRILQFLGHQFHELQWHQVLW\UDWLRRISHDN 3 WRSHDN 3












































GLIIHUHQW )LJ D :LWK LQFUHDVLQJ DQJOH LW ZDV REVHUYHG WKDW WKH LQWHQVLW\ RI 3 GHFUHDVHG DQG WKDW RI 3
LQFUHDVHG7KHUDWLRRILQWHQVLWLHVRI3WR3LVSORWWHGLQ)LJE,WZDVVHHQWKDW ZLWKWKHEOXHVKLIWRIERWKWKH
SHDNVZLWKUHVSHFWWRWKHLQFLGHQWDQJOH3LQWHQVLW\ZDVUHGXFHGDQG3LQWHQVLW\LQFUHDVHGVKLIWLQJWKHPD[LPXP
LQWHQVLW\ IURP EOXH WR JUHHQ UHJLRQ RI WKH VSHFWUD FRQILUPLQJ WKH LULGHVFHQW SURSHUWLHV RI WKH SUHSDUHG 1$$
PHPEUDQHV(IIRUWV DUH RQ WR H[SORUH WKH DSSOLFDELOLW\ RI1$$PHPEUDQHV E\ YDU\LQJ WKHLU SRUH SURSHUWLHV DQG





YDOXHV RI DQRGL]DWLRQ SRWHQWLDO DQG DOVR ZLWK GLIIHUHQW GXUDWLRQ NHHSLQJ WKH SRWHQWLDO FRQVWDQW 7KH RSWLFDO






.6 &KRXGKDUL .6& LV JUDWHIXO WR 'U 6 9HQXJRSDO DQG 0U *LULVK 0 RI WKH 'HSDUWPHQW RI &KHPLFDO
(QJLQHHULQJ ,QGLDQ ,QVWLWXWH RI 6FLHQFH %DQJDORUH IRU SURYLGLQJ WKH )(6(0 IDFLOLW\ .6& JUDWHIXOO\
DFNQRZOHGJHV WKH ,QGLDQ1DQRHOHFWURQLFV8VHUV3URJUDP ,183 DW WKH&HQWUHRI([FHOOHQFH LQ1DQRHOHFWURQLFV
,QGLDQ,QVWLWXWHRI6FLHQFH%DQJDORUH WKURXJKZKLFKWKH$)0IDFLOLW\ ZDVPDGHDYDLODEOH .6&LVWKDQNIXOWR,
&83WKH,QGLDQ&OXVWHUIRU8OWUDIDVW3KRWRQLFVZKLFKLVVXSSRUWHGE\WKH2IILFHRIWKH3ULQFLSDO6FLHQWLILF$GYLVHU
WR WKH*RYHUQPHQWRI ,QGLD IRU SURYLGLQJ899,61,5 VSHFWURSKRWRPHWHU IDFLOLW\ DW'HSDUWPHQW RI$WRPLF DQG
0ROHFXODU3K\VLFV0DQLSDO8QLYHUVLW\0DQLSDO,QGLD
5HIHUHQFHV
&KRXGKDUL.6-LGHVK 3 6XGKHHQGUD 3 .XONDUQL 6'  4XDQWLILFDWLRQDQG0RUSKRORJ\6WXGLHVRI1DQRSRURXV$OXPLQD0HPEUDQHV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